HRV can simply be defined as a time gap between the heart beats, which normally varies throughout the respiratory cycle. It is measured by calculating the time between the R peaks on an electrocardiogram (ECG) trace (Taskforce 1996) . Low HRV is defined as a low variability in the distance between consecutive heart beats, whilst HRV is a high variability in the distance between consecutive R peaks of the heart beat signal (Michels et al. 2013) . In healthy individuals, HRV is normally higher, whilst lower HRV is associated with increased risks of cardiovascular diseases (Colhoun et al. 2001) .
HRV results from the dynamic interplay between multiple physiologic mechanisms that regulate instantaneous HR (Bilchick & Berger 2006 ). Short-term HR regulation is governed by sympathetic (fight or flight) and parasympathetic (relaxation state) neural activity (Bilchick & Berger 2006) and, therefore, HRV examination can be used as a non-invasive estimate of the functioning of the autonomic nervous system (ANS). Low parasympathetic activity is linked to poor emotion regulation (Porges, Doussard-Roosevelt & Maiti 1994) and high stress levels (Porges 1995) . Furthermore, HRV can also be used to determine regulation of the peripheral viscera and the heart by the ANS (Xie et al. 2005) .
HRV has time and frequency domain components. Time domain includes the mean inter-beat interval (R-R interval), which is the distance between successive heartbeats, expressing mainly the parasympathetic activity. The mean squared successive differences (MSSD) between R-R intervals is the estimate of the short-term component of HRV and provides vagal index. An increase in this value also reflects an increase in parasympathetic activity (Taskforce 1996) . This value can also be calculated as a root mean squared successive difference (RMSSD) between R-R intervals. Total power (TP) is the variance of all the R-R intervals, with frequency ranges approximately ≤ 0.4 Hz, measured in ms 2 (Taskforce 1996) . Component coefficient of variation (CCV) also represents the variation of HRV (expressed in %). CCV high frequency (HF) and CCV low frequency (LF) reflect the parasympathetic and sympathetic activity, respectively (Kurosawa et al. 2007) .
Frequency domain measures pertain to HRV at certain frequency ranges associated with specific physiological processes. Parameters evaluated are TP at HF and LF. The TP at HF peak (0.15-0.4 Hz) corresponds to respiratory sinus arrhythmia and reflects the parasympathetic activity (Moodithaya & Avadhany 2009) and the TP at LF peak (0.04-0.15 Hz) predominantly reflects sympathetic activity as it is influenced by blood pressure baroreceptor mediated regulation (Moodithaya & Avadhany 2009 ). The LF/HF ratio is also used to assess the balance between sympathetic and parasympathetic activity. An increase in the ratio indicates an increase in sympathetic activity and a decrease indicates a predominant increase in parasympathetic activity.
The variables of interest in this study were power at HF, power at LF, LF/HF ratio, R-R, MSSD between R-R intervals, and TP. CCV for HF and LF was also assessed.
Limited studies have assessed HRV in children with disabilities. Time and frequency analysis confirmed the predominance of sympathetic activity in children with disabilities compared to healthy children during sleep (Bouquier, Amand & Van Eecke 2013) . Increased sympathetic activity in children with disabilities was associated with a reduction in adaptive abilities of the children's ANS (Bouquier et al. 2013) .
To date, a single study in the literature assessed the effects of THR on HRV of children with disabilities (Naidoo et al. 2014) . The study examined the acute HRV responses to a THR session in children with autism spectrum disorders (ASDs). The findings were increased RMSSD post-THR and reduced LF/HF ratio, which were both suggestive, although not conclusive, of an increase in parasympathetic activity after THR, associated with a calm and relaxed state.
The aim of this article was to determine the effects of THR over a period of six sessions on the HRV in children with various disabilities. The objectives of the study were to examine the effects of THR on the activity of the parasympathetic nervous system over a period of time on children with disabilities, via HRV testing pre-and post-intervention, as well as to determine the effects of THR on the occupational performance of children with disabilities pre-and postintervention.
Methods

Study design
The study used a nonrandomised pre-and post-tests quasiexperimental design to assess the effect of the THR intervention of six sessions on the HRV of children with disabilities. The dependent variable was the HRV measure, whilst the independent variables were the children with disabilities.
Participants
A convenient sample of 29 children with disabilities (18 boys and 11 girls), with a mean age of 8.69 (±2.22) attending THR sessions, was selected. All participants attended THR sessions at the Ridge Top Equine Centre, KwaZulu-Natal, but were recruited from different schools. The sample was selected because of the easy accessibility to the children in the THR programme by the researchers, as children were all attending at the same riding centre from which permission to conduct the study was granted for. Participants adhered to the following inclusion criteria: children between 5 and 18 years, presenting with a disability as diagnosed by the physician, attending group THR sessions with more than three months experience.
Out of the 29 participants, 12 presented with ASD (41%), 10 with cerebral palsy (34%), 3 with pervasive developmental disorder (10%), 1 with developmental learning disability (3%), 1 with sensory problems (3%), 1 with fanconi syndrome (3%), 1 with blindness (3%) and 1 with Down's syndrome (3%). Participants were diagnosed by their physicians of the disabilities they presented, however, the severity of the disability was unspecified. All children were verbal and were able to respond (Table 1) .
Testing procedures and protocol
Consent forms were signed by parents, participants and the owner of the riding school for permission to conduct the study. Parental consent and child assent was obtained on an individual basis. The study was approved (BF074/14) by the Biomedical Research Ethics Committee of the University of KwaZulu-Natal, South Africa.
Participants were familiarised with the placement of the electrodes and Actiheart monitor on their chest during THR sessions two weeks prior to the start of the measurements. Teachers were also shown how to place the electrodes on the participants and were requested to familiarise the children during school hours.
Testing was conducted at the riding centre after the familiarisation sessions and once consent was granted by parents. Testing was performed between 08:30 and 11:00 as that was the scheduled time for riding lessons. Measurements were taken once a week for a period of six weeks using the Actiheart monitor to record data, attaching two electrodes on the chest and the Actiheart. The researcher clarified and answered questions related to the testing procedures.
Heart rate variability measurement
Actiheart (Cambridge Neurotechnology, Cambridge, UK) monitors were used to measure the inter-beat intervals (IBIs) on participants using the short-term HRV monitoring set-up on the Actiheart software. Two ECG electrodes (Unilect 4040M) were placed on the chest on V2 (4 th rib space on the left of the sternum) and V5 (on the 6 th rib in line with the anterior axillary line) of the participant.
Measurements were recorded once a week for six weeks and involved three stages in each session. During the first stage, pre-THR measurements were recorded five minutes before riding, for five minutes with participants seated on chairs. The second stage of measurements were recorded during the THR session for 20 to 25 minutes. Lastly, during stage three, post-THR measurements were recorded five minutes after riding, for five minutes with participants seated on chairs.
Therapeutic horseback riding sessions
Participants were involved in group THR sessions in an outdoor arena conducted by a certified THR instructor. There were two riding groups on each day, and each group consisted of four to six riders per session. Each group was riding once a week, with different groups attending THR each day (Monday to Friday). Each day of the week had one specific THR instructor allocated to conduct the THR session for that day, together with the same side walkers and leaders for each participant. A total of three different THR instructors were available for the week. All three THR instructors followed a similar THR programme each week. Each participant had one volunteer leading the horse and two volunteers as side walkers to assist in THR activities and to ensure proper posture maintenance. The THR instructor stood in the centre of the arena and instructed the horse leaders, riders and side walker of the activities to perform during THR.
The sessions included riding, mounting and dismounting, trotting as well as performing activities such as throwing a ball, extending arms and reaching to touch the horse's ears or tail during riding.
Occupational performance questionnaire
The Occupational Performance Questionnaire (OPQ) was utilised to collect pre-and post-THR programme data. The questionnaire was adapted from the, 'Development of a questionnaire to determine change in the occupational performance of pre-schoolchildren with ASDs receiving Occupational Therapy -Sensory Integration' (Wallace 2009 ). The OPQ included information on sleeping patterns, toilet training, impact of the disability on social functions, impact on family members, social interaction, play-time and schooling. The questionnaire was administered to parents/guardians at the first session of THR and post-six weeks of THR. The objective of the questionnaire was to assess if the THR improved the quality of life of the children with disabilities.
Data analysis
Heart rate variability
The recorded data for pre-THR, during THR and post-THR session were transferred to the Actiheart software after each session and all data exported to the HRV analysis software at the end of the six sessions for all participants.
R-R intervals (time between QRS complexes), which are the IBIs, were exported as a text file for time domain and spectral HRV analysis using the VarCor PF7 diagnostic device software (DIMEA Group, Olomouc, Czech Republic). The R-R intervals were examined, and all premature ventricular contractions, missing beats, and any artefacts were manually filtered. A set of 300 artefact-free subsequent R-R intervals was obtained. A spectral analysis of HRV was used to assess the ANS activity and was performed using the Fast Fourier Transformation. The spectral analysis incorporated a sliding 256 points Hanning window and a Coarse-Graining Spectral Analysis algorithm (Yamamoto & Hughson 1991) . The power spectra was quantified by integrating the area under the power spectral density curve. Two frequency bands were used: low frequency (LF) from 0.05 to 0.15 Hz and HF from 0.15 to 0.50 Hz. The normalised low and HF power (LFnu and HFnu, respectively) were calculated as follows: 100% × LF/(LF+HF) and 100% × HF/(LF+HF), respectively. Normalisation minimises the effect on the values of LF and HF components of the changes in TP (Taskforce 1996) . TP is the variance of all the R-R intervals, with frequency ranges at approximately ≤ 0.4 Hz, measured in ms 2 (Taskforce 1996) .
Repeated measures analysis of variance (ANOVA) was used and applied to each variable for pre-, during and post-THR separately.
Occupational performance questionnaire
The data were analysed using the Statistical Package for the Social Sciences (Version 21) with significance set at p ≤ 0.05. Statistics and tests used were descriptive statistics including means and standard deviations, where applicable, with frequencies represented in tables or graphs. Binomial test was used to test whether the proportion falling in each of the two categories is equal. McNemar test was used to assess for significance of changes; and used to test whether there are differences pre-to post-intervention, with binary measured variables. When the data are categorical (more than two categories), then the Marginal Homogeneity test was used. Chi-square (goodness-of-fit-test) was used on a categorical variable to test whether any of the response options are selected significantly more/less often that the others.
Results
Heart rate variability
Both time and frequency domain components of HRV were assessed.
The average R-R for pre-THR scores were significantly lower at session one than at session two, (p = 0.022), session three (p = 0.044) and session six (p = 0.011). The mean values for the R-R pre-THR were 0.57 (±0.06), 0.61 (±0.69), 0.60 (±0.56) and 0.61 (±0.69) for sessions one, two, three and six, respectively. There were no significant differences for during and post-THR over the six sessions (Figure 1 ).
TP during THR for session three is significantly higher than sessions one (p = 0.044) and two (p = 0.024), and session six significantly higher than session four (p = 0.045). http://www.ajod.org Open Access
There were no significant differences in CCV from session one to session six for pre-, during and post-THR (Figure 4 ). Figure 5 showed no significant differences in LF/HF from session one to session six for pre-, during and post-THR.
Occupational performance
The questionnaire evaluated the biological rhythms including toilet training and sleeping pattern, family adjustments, social and play skills, before and after involvement on the THR programme.
Social functions and family gatherings
A significant proportion of parents reported that they were able to take their child to birthday parties (p = 0.008), restaurants (p = 0.031), and sustain relationships with other families (p = 0.008) before THR. After THR, a significant proportion of parents reported they were able to take their child to birthday parties (p = 0.001), restaurants (p < 0.005), and sustain relationships with other families (p < 0.005). There were no significant reports regarding taking the child to family gatherings before THR, with a significant proportion reporting they are taking the child to the family gatherings after THR (p = 0.001).
Social interaction and play skills
A significant proportion indicated that the child was not over-dependent on his/her parents or clingy after THR (p = 0.002). A significant proportion indicated that the child was not able to make friends before THR (p = 0.031), but able to make friends after THR (p < 0.005). The child was not able to participate in structured group play before THR (p = 0.002), but was able to after THR (p < 0.005). A significant proportion also indicated that the child was able to play in unfamiliar settings after THR (p = 0.002), which was not significant before THR.
Discussion
The objective of this article was to examine the effects of THR on the activity of the parasympathetic nervous system over a period of time on children with disabilities, via HRV testing pre-and post-intervention. It also sought to determine the effects of THR on the occupational performance of children with disabilities pre-and post-intervention. The primary findings of this study were a significant change in R-R interval pre-THR, CCV LF during THR, and TP during THR, which are discussed in detail in the following section.
Heart rate variability
With regard to the time domains, the R-R interval reflects the overall HRV, and was lower at session one, particularly for pre-THR, which showed significant increases in the R-R interval scores in sessions two (p = 0.022), three (p = 0.044) and six (p = 0.011) respectively (Figure 1 ). This may be suggestive of improvements in overall HRV over the six sessions pre-THR. Post-THR, the R-R interval was significantly lower than pre-(p < 0.0005) and during (p < 0.0005) the THR R-R interval. The decreased R-R interval score post-THR can be associated with increased mental stress (Orsila et al. 2008 ). This could have been as a result of restlessness in children during the measurement because of the nature of the disabilities. Children might have been restless as a result of the excitement and impatience to feed the horses and go back to school, as that is their normal routine. Therefore, as per protocol, to sit down for five minutes could increase the mental stress. There was no change in MSSD, indicating no improvement in parasympathetic activity after the six sessions.
With regard to the frequency domains, there were no significant changes in LF from sessions one to six for pre-, during and post-THR, and no significant differences between pre-, during and post-THR LF scores. This indicates no increase or decrease in sympathetic activity over the six sessions. HF also showed no significant changes over the six sessions and no differences between pre-, during and post-THR scores, indicating no improvement in parasympathetic activity over the six sessions of THR. LF/HF ratio revealed no significant changes over the six sessions of THR ( Figure 5 ). Although not significant, observing the trend of LF/HF over the six sessions of THR, there was a slight reduction in LF/HF over the sessions, predominantly post-THR. Increasing the number of THR sessions could possibly demonstrate a significant reduction in the ratio over the number of sessions, indicating an improvement in parasympathetic activity associated with the relaxation state.
CCV for HF showed no significant change over the six sessions (Figure 4) , with the trend slightly increasing with each session. An increase in CCV HF indicates an increase in parasympathetic activity and increase in CCV LF indicates an increase in sympathetic activity (Kurosawa et al. 2007 ). Component coefficient of variance for LF showed a significant increase from session three to session four (p = 0.0006), and session six was also significantly higher than session one (p = 0.022) and four (p = 0.011), during THR (Figure 3 ). This increased sympathetic activity can be related to the exercises performed during THR. There was no significant change in CCV LF for pre-and post-THR over the six sessions.
There were no significant changes in TP over the six THR sessions for pre-and post-THR. Significance was observed in TP during THR (Figure 2 ), where session three was significantly greater than sessions one (p = 0.044) and two (p = 0.024), and session six greater than session four (p = 0.045). Increased TP at these points can be associated with increased vagal (parasympathetic) activation, as per study by Taskforce (1996) . A marked reduction of TP is associated with sympathetic activation, an increase in TP is associated with vagal activation (Taskforce 1996) .
Studies have shown a positive effect of THR on children with disabilities, including improved stereotypic behaviour, hyperactivity (Gabriels et al. 2012) , motor skills (Gabriels et al. 2012; Ionatamishvili et al. 2004) , improved attention and social motivation (Bass et al. 2009 ). The findings of this article show that there is a change in HRV after a period of six THR sessions for children with disabilities. An increase was noted in R-R interval pre-THR and TP during THR, both suggestive of increased parasympathetic activity, whilst an increase in CCV LF suggested an increased sympathetic activity. Because of the inconsistency between time and frequency domains, no conclusive findings can be reported.
Most studies conducted on THR involved interventions of 10 to 12 weeks to foster significant changes. However, the effect of THR on Down's syndrome, spina bifida and autism for a seven week THR intervention had shown significant improvements in gross motor function (Winchester et al. 2002) . The current study was conducted for a period of six sessions with THR performed only once a week by participants. The duration of the sessions might have not been adequate to bring about significant findings on HRV.
Occupational performance
The OPQ adapted from Wallace (2009) measured different variables to assess if THR intervention has a positive effect on occupational performance of children with disabilities, thus improving quality of life.
There were no problems with biological rhythms including sleeping, toilet training and feeding problems before the THR intervention. There was a significance in family adjustment, with reports indicating that parents were able to take the child to family gatherings after THR (p = 0.001). However, parents were still able to take their child to birthday parties and restaurants even before THR intervention. The ability for parents to take the child to family gatherings can be attributed to improved independency. Social interaction reports indicated that the child was not over-dependent or clingy on parents after THR (p = 0.002). This could be linked with the interactions the children have during THR sessions, sense of achievement gained through riding and therefore increasing the level of confidence.
These findings are in agreement with the study by Bass et al. (2009) which showed improvements in social motivation, less distractibility, less inattention after a 12-week THR intervention in children with ASD. However, another study assessed quality of life of children with cerebral palsy before and after a 10-week THR intervention. The study examined variables such physical well-being, psychological well-being, mood and emotions, parents relations to home life, schooling, and the THR intervention showed no significant improvement in gross motor function, health and quality of life of children with cerebral palsy (Davis et al. 2009 ).
There was an improvement in play skills of children, with the ability to make friends after THR compared to before THR (p ≤ 0.005), ability to participate in structured group play (p ≤ 0.005) and to play in unfamiliar settings after THR (p = 0.002). This could be attributed to activities performed during THR, interaction with other children, riding instructors and with the horses. There was no change in the schooling measures after THR intervention, which is in agreement with the study by Davis et al. (2009) .
Improvement is evident in selected aspects of occupational performance for children, including social interaction, play skills and family adjustments. However, it should be acknowledged that THR was not the only intervention during the period of data collection, as the questionnaire revealed that 72% of the sample were also undergoing speech therapy, 55.6% physiotherapy, 33.3% occupational therapy and 5.6% applied behavioural analysis. It cannot be concluded that THR alone brought the change in occupational performance, but the improvements could be attributed to a combination of all these methods of treatment including THR.
Summary
THR of six sessions shows changes in HRV in children with disabilities. However, inconsistency in the results leads to inconclusive findings as to whether sympathetic activity or parasympathetic activity is predominant. For instance, time domain showed an increase in HRV for pre-THR measured http://www.ajod.org Open Access by the R-R interval indicating improved vagal activation, whereas frequency domain showed increased sympathetic activity based on CCV LF during THR, and increased parasympathetic activation when assessing TP during THR. However, the quality of life of children was improved in selected aspects.
Conclusion
Studies have shown a positive effect of THR interventions in children with disabilities including ASDs, cerebral palsy, Down's syndrome, spina bifida and developmental delay. There is lack of literature pertaining to THR and its effects on the HRV of children with disabilities. This article assessed such effects. The findings showed that a THR intervention of six sessions elicited a change in HRV of children with disabilities. However, the changes obtained were not adequate to make conclusive measures as to whether sympathetic or parasympathetic activity is predominantly increased after the six sessions.
Positively, the THR intervention has been shown to contribute to the improved social interaction, independency, family adjustments and play skills of children with disabilities, hence improving quality of life.
As a result of the lack of literature on the effects of THR on the HRV of children with disabilities, this article provides a basis for further research to be conducted to obtain more information on THR as a tool to improve the parasympathetic activity of children with disabilities.
Limitations of the study
The sample size for this study was relatively small, therefore results cannot be generalised to a larger population group. Scrupulous science requires that the sample size to be determined according to elicit specific statistical calculations to elecit significant differences. However, because of the limited number of children that were available to attend the THR sessions, the sample size was not calculated but selected based on availability. Further research involving a larger sample is required.
There was also no control group in the study; however the experimental group was acting as their own control comparing pre-and post-THR effects. HRV in children with disabilities should include an experimental group and children with no disabilities as a control group with both groups involved in THR. Finally, HRV in children with disabilities receiving THR (experimental) and those who are not receiving THR (control) would provide more information on HRV changes because of THR. Participants were also involved in other therapeutic interventions, therefore, changes noted in occupational performance after the THR intervention cannot be solely attributed to THR. The changes could be as a result of a combination of all the interventions the participants were involved in, including THR. A study implementing only a THR intervention, without any other form of treatment or therapy would produce more reliable results, although obtaining a statistically significant sample size to participant in a THR programme exclusively, may pose a challenge. However, the HRV changes obtained, which was the primary focus in this study, could be predominantly associated with the THR intervention as the measurements were recorded during the THR sessions.
